Ion-exchange membranes are widely used in modern technologies, particularly in the field of water treatment, and make it possible to considerably reduce expenses for wastewater treatment and ensure high degree of purification. Currently, perfluorinated sulfated proton-conducting membranes are often used, such as NAFION and its Russian analogue, MF-4SK based on co-polymerization product of a perfluorinated vinyl ether with tetrafluoroethylene. However, with development of the industry, materials with improved properties and lower cost are required. The aim is to obtain ion-exchange membranes for water treatment from metal ions and to study physico-chemical properties of obtained membranes. In this study, cation exchange composite membranes with modified polyaniline surface layer on nylon and PTFE substrate have been obtained. Changes in the structure of membranes were recorded using a microscope. Throughput capacity of the membranes was determined by passing a certain volume of distilled water through the membrane. The experiment intended to determine electivity of membranes was performed by passing a certain volume of metal salt solutions of a known concentration, after which the filtrate was collected. Concentrations of the studied metal ions in the original solution and in the filtrate were determined by the method of atomic adsorptive spectrometry with electrothermal atomization "Quantum Z.ETA". Properties of modified membranes, such as selective permeability and ionexchange capacity have been determined. The membranes feature high selectivity for heavy metal ions. Moisture-retaining power and swelling ability of the membranes have been studied. Selectivity of the membrane to heavy metal ions is between 70 and 99%. Ion-exchange capacity of the obtained nylon polyaniline membrane is not inferior to some commercially available cation-exchange membranes. Use of the modified membranes in the stage of tertiary wastewater treatment will ensure achieving established standards.
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INTRODUCTION
Membrane-based separation methods, ion-exchange membranes in particular, are most promising, and make it possible to considerably reduce expenditures for wastewater treatment and obtain water of any required quality [1] .
Nafion perforated sulfocationite ion exchange membranes [2] manufactured by Dupont company are known, as well as their domestic analogue, the MF-4SK membrane [3] , featuring high proton conductivity. Disadvantages of such membranes are insufficiently high proton conductivity, which prevents their use for intensification of treatment processes, separating various solutions and spontaneous concentration of solutions without applying electric potential, and reduces their efficiency in water treatment.
In this respect, the most promising way is to create composite membranes that feature high permeability and cation conductivity of substances. In practice, surface layer of the membrane is often modified in order to increase membranes performance [4] , and to ensure or increase selectivity to protons [5] , and other ions [6, 7] .
Change of transport properties in such systems is observed mainly due to sorption processes in cation exchange group. In this respect, we propose to view hydrated zirconium oxides as dopants, as well as polyaniline that has a nitrogen atom in its composition, which is capable of absorbing protons [8] .
The process of charge transferring in composite membranes modified with polyaniline depends on the degree of membrane surface coating with polyaniline, which enhances interphase transfer of charge. Charge transfer in the volume of the membrane depends on the level of polyaniline intercalation (PANI), which varies depending on the used method of polymerization [9] . This study shows relationship between charge transfer mechanism in PANI composite membranes and the degree of PANI content in the membrane.
PANI attracts researchers' attention because of its optical and electrochemical properties, as well as high chemical stability. Some cation-exchange materials with PANI surface layer are characterized by high selectivity of transfer [10] . In order to obtain a conducting form of PANI, it is doped with various acids.
In work [11] composite membranes were obtained by chemical polymerizing polyaniline with a thin layer on the surface of an anion-exchange membrane in presence of high concentrations of ammonium persulphate. According to results of experiments, we have come to the conclusion that these ion-exchange membranes may be used for separating electrolytes.
The structure of a composite membrane modified with polyaniline was studied in work [12] . A cationexchange Neosepta CMX membrane pre-treated with 0.5 M NaCl solution was used as the substrate. The membrane was kept in aniline hydrochloride solution followed by polymerization with ammonium persulphate. Using X-ray photoelectron spectroscopy (XPS), spectra of the absorption were obtained, basing on which we have made a conclusion that CMX-PANI composite membrane has three layers. In the outer layer, PANI chains are doped with chlorine ions, in the middle layer, they are doped with sulphonate groups; the inner layer is the substrate made of a CMX membrane. PANI ( Fig. 1 ) attracts researchers' attention because of its optical and electrochemical properties, as well as high chemical stability and increased transfer selectivity [10] .
Ion-selective membranes have high solution separation ability, both with low and high concentrations of dissolved salts; separation of solutions using ion-selective membrane occurs in low operating pressures of 0.1-2 bar, depending on the substrate, onto which the working layer is applied.
Methods:
In this work, we obtained ion-selective membranes with polyaniline (PANI) as a working layer. Studies were performed on a laboratory membrane separation installation [13] .
PTFE and nylon membranes with pore size 0.45 µm. were used as the matrix for polymerization of aniline. Modification of membranes with forming PANI layer on the surface and in the pores, which is a cation-active, makes it possible to obtain ion-exchange membranes that are not inferior to the reverse osmotic ones in selectivity by the number of cations.
Membranes with PANI surface distribution were synthesized by polymerization of aniline directly in the matrix of the membranes. In the former case, the membrane had been pre-treated for 5 hours in a solution of ammonium persulfate (method 1), in the latter, it had been kept in the solution of aniline hydrochloride for 5 hours (method 2). After that, the membrane was placed in a solution of the second reagent. PANI particles formed directly in the matrix of the membrane, which fact was evidenced by changing the polymer color to dark green. Duration of membrane processing with each reagent was 5 minutes with constant stirring with a laboratory shaker. Concentration of the solutions was 1 mol/l each.
Changes in the structure of membranes were recorded using a microscope. Production of the membranes was determined by passing a certain volume of distilled water through the membrane. One of membrane characteristics is selectivity. Through the membranes, a certain amount of metal salts solutions of known concentration was passed under vacuum. Concentrations of the studied metal ions in the original solution and in the filtrate were determined by the method of atomic adsorptive spectrometry (AAS) with electrothermal atomization "Quantum Z.ETA" Selectivity was calculated from the results obtained by the formula:
where Cf is concentration of metal ions in initial solution, and Cp is concentration of the permeate in the filtrate.
In order to study membranes swelling, samples with diameter 45 mm were placed in distilled water and membrane weight was measured using analytical weigher with accuracy 0.0001 grams before and after the experiment.
Exchange capacity was determined under dynamic conditions by passing certain amounts of model solutions with known concentrations of cations through the membrane. Using the AAS method, concentration of cations in the filtrate was determined, and weight of cations absorbed by the membrane was calculated. Filtering was continued till selectivity decreased to 10%. Exchange capacity was calculated per 1 gram of the membrane.
After each experiment, the membrane was regenerated by placing it in 3% solution of hydrochloric acid followed by rinsing it in deionized water.
Results:
Structures of the original and the modified membranes are shown in Figure2. Main properties of ion-exchange membranes are indicators such as exchange capacity, swelling, permeability and selectivity. Permeability and specific permeability of the membrane calculated basing on the results of the experiment is shown in Table 1 . After applying PANI layer to the surface of the membrane using the first method, its permeability reduced by 2.2% -3.5% as compared to initial membrane, when the second method was used, permeability dropped by 5.6% -15.7%. Permeability of the initial membrane decreases due to arrangement of PANI chains both in the surface and in the pores of the membranes. Hence, initial pore size of 0.47 µm after applying PANI layer may correspond to membrane pore size of nylon-PANI membrane of 0.45µm, and to membrane pore size of PTFE-PANI membrane of 0.4 µm. By adjusting monomer concentration during polymerization, one can obtain modified membranes with various pore sizes.
In order to examine selectivity of initial and modified membranes, solutions of heavy metal salts (Fe 3+ , Cu 2+ , Ni 2+ , Co 2+ , Zn 2+ , Mn 2+ , Cr 3+ ) were passed through the membranes. After each experiment, the membrane was regenerated by placing it in hydrochloric acid solution in order to set the membrane to the hydrogen form. The results are shown in Table 2 . From the results it can be concluded that the initial microfiltration membrane with 0.47 µm pore size does not feature selectivity for metal ions. Membranes obtained using the second method feature selectivity higher than that of the membranes obtained using the first method, with respect to metal ions. Therefore, when membranes are obtained using the second method, membrane saturation with aniline is more intensive. For some metals (Cr, Co, Cd, Zn), selectivity is not high, in spite of their low concentration in the initial solution. Apparently, this is caused by different degrees of metal salts solubility, depending on water pH value. Figure 3 shows results of the experiment for selectivity of a nylon-PANI membrane in dynamic conditions by passing iron ( 3+ ) and manganese ( 2+ ) salts solutions with low and high concentrations of the starting solution through the membrane. In case of low initial concentrations, selectivity gradually drops to 55%, after which selectivity stabilizes at the 50% level. Selectivity for iron ions is higher than that for manganese. Evidently, part of iron ions is tied in the form of colloids, since the pH value of the solution is 3.5-4.5 pH units, thus the retention ability of a nylon-PANI membrane is limited not only by ion exchange, but also by retention of colloids in membrane pores. Dynamics of membrane selectivity at higher concentrations of manganese ions in Figure 3b shows a sharp drop to 3% already after passing of more than 150 ml of the solution. Some studied properties of modified membranes, compared to ion-exchange membranes from domestic and foreign manufacturers are listed in Table 3 . Swelling and absorptive capacity of the membranes are essential characteristics of ion-exchange membranes that determine availability of ion-exchange groups and the speed of reaching ion-exchange equilibrium. According to research results and literature, the lowest values of swelling in a solution of metal salts have PTFE-PANI membranes, followed by MF-4SK and Nafion-117 anion-exchange membranes.
The highest swelling value corresponds to nylon-PANI cation exchange membranes and RALEX AM(H). As a result of the modification, swelling of nylon membranes increased by 4%, PTFE membranes after the modification became hydrophilic.
Discussion:
In work [10] it was said that PANI in the form of emeraldine has a block structure characterized by alternating quinoneimine and amine units. In the semi-oxidized state, emeraldine has electronic conductivity caused by transfer of non-localized electrons along the chain of conjugated bonds. Formation of this form gives PANI form gives an unpainted transparent MF-4SK membrane green color, in our work, a white nylon membrane also became green.
It is known that a cation exchange membrane can absorb cations more than anions [15] . Cation-exchange membranes are relatively well saturated with aniline hydrochloride (if the form of phenyl ammonia cation), but is much worse saturated with oxidant, persulphate anions. As it was shown in the research of diffusion permeability of reagent solutions through the initial MF-4SK membrane, diffusion of even sufficiently large cation of phenyl ammonia occurs much faster, which is caused by its positive charge. So, selectivity for some metal ions is equal to 48-99%.
Selectivity for iron ions is high, according to the source [16] , solubility of iron salts in the pH range between 4 and 12 is minimal, and for manganese salts, the minimum solubility is in the pH range between 9 and 12, which ensures formation of colloids in solutions within these pH ranges. Same as in work [17] in the example of track-etched membranes, fundamental role belongs to such factors as changing pores shape to conical. In our work, pores may be narrowing due to absorption of volumetric polyaniline molecules.
According to data [3] , compared to the initial MF-4SK membrane, conductivity of membranes modified with PANI is higher by 25% on the average. And obtained PANI-nylon membranes in terms of conductivity are not inferior to some commercially available ion-exchange membranes.
Conclusions:
Cation-exchange membranes have been obtained by polymerizing aniline in the structure of nylon and PTFE membranes. Physicochemical properties of the membranes have been determined. Membranes selectivity has been proven for cation ions in test solutions of metal salts. However, in case of high concentrations of metal ions, in dynamic conditions, selectivity drops abruptly. Ion-exchange capacity of the obtained nylon-PANI membrane is not inferior to some commercially available cation-exchange membranes.
Use of the modified membranes in the stage of post-treatment of electroplating wastewater and lubricatingand-cooling wastewater will make it possible to reach established performance standards for discharging contaminants into water basins.
In the future we plan to study properties of obtained cation-exchange membranes, in particular, such factors of the initial solution as temperature, pH, concentration. Study of a nylon-PANI membrane structure, types of molecular bonds formed as a result of aniline hydrochloride polymerization. Obtaining an anisotropic ionexchange membrane is also planned.
